The polypeptide and RNA compositions of purified virions of eel virus European were compared to those of three strains (VR-299, SP and AB) of infectious pancreatic necrosis virus (IPNV) isolated from trout. All three IPNV strains could be distinguished by the relative mobilities of either the virion polypeptides or the doublestranded RNA genome segments. The eel virus had a similar polypeptide profile to strain AB IPNV but differences between the two viruses in the migration of genome segments indicated each was unique. Annual epizootics among pond-cultured Japanese eels (Anguilla japonica) in Shizuoka prefecture, Japan have been reported since 1969 (Egusa, 1970) . Environmental and physiological factors alone or in combination with a bacterium of the genus Cytophaga were believed to be the major causes of the observed epizootics (Egusa et al., 1971 ; Egusa, 1976) . Virological examinations of diseased eels, however, revealed the presence of a previously undescribed virus (Sano, 1976) . Examinations of eels from farms in 10 different locations indicated that this same virus was present in several populations of cultured eels in Japan (Sano et al., 1981) . This disease outbreak followed the importation of European eels (Anguilla anguilla) to Shizuoka prefecture. The virus was also isolated from these imported eels. Because the virus showed an antigenic relationship to a European strain of infectious pancreatic necrosis virus (IPNV), it was designated eel virus European (EVE).
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Infectious pancreatic necrosis virus is a known pathogen of hatchery reared brook (Salvelinus fontinalis) and rainbow (Salmo gairdneri) trout and is found in many countries where these fish are cultured (Wolf, 1966) . Three major serological groups or serotypes of IPNV have been identified (Okamoto et al., 1983; Macdonald & Gower, 1981) . Two of these serotypes, AB and SP (Jorgensen & Kehlet, 1971) , are found only in Europe. Both the AB and SP serotypes have been detected in trout, in several nonsalmonid species and in elvers in Europe (Hudson et al., 1981 ; Adair & Ferguson, 1981 ; Castric & Chastel, 1980; Munro et al., 1976; Ahne, 1980) . The third serotype of IPNV is prevalent in North America and is represented by reference strain VR-299 (Wolf & Quimby, 1971) .
Eel virus European (EVE) is similar to IPNV in particle size and morphology, cytopathogenic effect in cell culture and buoyant density in caesium chloride (Nishimura et al., 1981) . Unlike the VR-299 and SP strains, EVE was not pathogenic for rainbow trout even though the virus was found to replicate to high concentrations in several internal organs (Sano et aL, 1981) . Similar results were obtained with the AB strain of IPNV which was less virulent for rainbow trout (Jorgensen & Kehlet, 1971 ) than SP or VR-299 IPNV. Cross-neutralization studies have shown EVE to be closely related to the AB strain of IPNV (Okamoto et al., 1983) . The results presented here provide the first comparisons of the RNA and polypeptides of VR-299, SP and AB IPNV with EVE. From this study, we have confirmed that EVE is closely related to members of the AB serotype of IPNV.
The CHSE-214 continuous cell line derived from chinook salmon embryos (Oncorhynchus tshawytscha) and mouse L cells were grown as monolayer cultures in 150 cm z flasks (Corning 0022-1317/83/0000-5324 $02.00© 1983 SGM Plastics). Eagle's minimum essential medium (MEM) with Earle's salts was supplemented with either 5 % (MEM-5) foetal calf serum (Sterile Systems) for virus replication or 10 % (MEM-10) for routine growth of CHSE-214 and L cells at 18 and 37 °C respectively. Antibiotics (Flow Laboratories) were added to final concentrations of 100 IU/ml penicillin and 100 ~tg/ml streptomycin. The VR-299 strain of IPNV was provided by Dr K. E. Wolf, National Fish Health Research Laboratory, Kearneysville, W. Va., U.S.A. The AB and SP strains of IPNV were received from Dr B. J. Hill, Fish Diseases Laboratory, Weymouth, Dorset, U.K. The strain of EVE used in this study was isolated from Japanese eels as described previously (Sano, 1976) . Reovirus type 3 (Dearing strain) was obtained from Dr J. Hallum, Department of Microbiology, University of Oregon Health Science Center, Portland, Or., U.S.A. Confluent monolayers of CHSE-214 cells were rinsed twice with MEM and then inoculated with virus at 1 to 10 p.f.u./cell. Viral adsorption continued for 1 h, after which fresh medium was added. A procedure similar to that described by Dobos et al. (1979) was used to concentrate and purify viruses from infected cells. Briefly, virus suspensions that were concentrated by polyethylene glycol (J. T. Baker Chemical Co.; mol. wt. 15000 to 20000) precipitation from the culture fluids and from pelleted cell debris were repeatedly extracted using Genetron (trifluorotrichloroethane, Allied Chemical Co.). The remaining aqueous phase was then layered over a three-step caesium chloride gradient (2 m140~, 1 m130~, 0-5 m120~) and centrifuged at 130000 g for 16 h at 4 °C. The virus bands were removed by puncturing the side of the nitrocellulose tubes (Beckman) and dialysed against Tris-HCl/sodium chloride/EDTA (TNE) buffer for 1 h. The virus suspension was then layered over a sucrose gradient (15 to 50%) and centrifuged at 130000g for 2 h at 4 °C. The virus bands were withdrawn by side puncture, dialysed against TNE buffer and layered over a second three-step caesium chloride gradient. The virus bands were collected following centrifugation at 130000 g for 5 h at 4 °C and again dialysed against TNE buffer.
Discontinuous polyacrylamide-SDS slab gels (Laemmli, 1970) were used to analyse the proteins and double-stranded (ds)RNA species of purified virus. The gels (10% acrylamide) were run for 17 h at 7 mA then stained with Coomassie Brilliant Blue (0.1% in 50% trichloroacetic acid) for protein analysis. Destaining was accomplished by several changes with 7.5% glacial acetic acid.
Viral RNA was released from purified virions by treatment with 100 ~tg/ml proteinase K (Sigma) as described by Dobos (1976) . Viral RNA was analysed on discontinuous polyacrylamide slab gels in a manner identical to that used for viral proteins except that the polyacrylamide concentration was reduced to 5~ and the current was increased to 12 mA for 17 h. The gels were fixed and silver-stained as described by Merrill et al. (1981) or with 1% ethidium bromide and observed under u.v. light.
The polypeptides of strains VR-299, SP and AB IPNV and EVE analysed by SDS-polyacrylamide gel electrophoresis are shown in Fig. 1 . There were four virion polypeptides (VP1 to VP4) found in strain VR-299 IPNV and only three (VP1 to VP3) for SP and AB IPNV and EVE. The VP2 polypeptide of all four viruses was the major virion protein comprising greater than 50 % of the total virion protein ( Table 1 ). The virion polypeptides of strain AB IPNV and EVE were indistinguishable in these tests but differed significantly in their relative mobilities compared to those of strains SP and VR-299 IPNV.
The mobilities of the dsRNA segments of strains VR-299, SP and AB IPNV were compared to those of EVE in 5 % polyacrylamide slab gels. The two segments of dsRNA of all four viruses were found to have mobilities which distinguished them from each other (Fig. 2 and 3) . The molecular weights of the dsRNA segments were determined by a comparison of their mobilities relative to those of reovirus type 3 (Reo 3) on the same slab gel. The mol. wt. of strain VR-299 IPNV RNAs were 2.4 × 106 and 2.1 × 106 compared to 2-3 × 106 and 1.9 x 106 for AB IPNV, 2.3 × 106 and 2.0 × 106 for strain SP IPNV and 2.2 × 106 and 1-9 × 106 for EVE.
The four viruses examined in this study have similar morphology, size and cytopathic effects in cell lines derived from fish tissues (Dobos et al., 1979; Nishimura et al., 1981; Sano et al., 1981) . However, only strains VR-299 and SP IPNV have been repeatedly shown to be pathogenic in trout (Wolf, 1966; J~rgensen & Kehlet, 1971) . Although EVE and strain AB IPNV replicate to high titres in infected rainbow trout (Sano et al., 1981 ; Jorgensen & Kehlet, 1971) On and eels (Sano et al., 1981) , mass mortalities resulting from experimental infections are rare (Hudson et al., 1981 ; Castric & Chastel, 1980 ). An examination of these four viruses was undertaken to determine whether differences observed in the pathogenic properties of these agents could also be seen at the structural level of the virion (protein and RNA). The protein and R N A structure of strain VR-299 IPNV has been examined in detail (Dobos et al., 1979) and served as a basis for comparison of the two IPNV strains SP, AB and EVE. The AB strain of I P N V was included in this study when serum cross-neutralization studies showed a close antigenic relationship with EVE (Okamoto et al., 1983; Hudson et al., 1981) .
The morphology, size and buoyant density (1-33 g/ml) of EVE were found to be identical to that of strain VR-299 IPNV; diameters were 64.5 nm for VR-299 I P N V and 64.9 n m for EVE Fig. 3 . Fig. 2 . Comparison of dsRNA segments of strains VR-299, SP and AB IPNV with EVE in 5 % polyacrylamide slab gels. The gels were fixed and silver-stained according to Merrill et al. (1981) . (data not shown). The size and densities of the virions were in close agreement with those reported by Nishimura et al. (1981) for VR-299 I P N V and EVE, but slightly larger than the 59-2 nm average reported by Dobos et al. (1979) for VR-299 IPNV.
In addition, Dobos et al. (1979) reported the tool. wt. of the virion polypeptides for strain VR-299 I P N V to be 90000, 60000, 29000 and 27000. These values were similar to those found in this study (Table 1) . However, Chang et al. (1978) compared the polypeptides of several isolates of I P N V but found no differences in relative mobilities between strains, only in the relative amounts of each. Although that study examined certain European strains, it did not include SP and AB I P N V or EVE. Underwood et al. (1977) examined the polypeptide compositions of AB, SP and VR-299 I P N V and found that all three viruses were similar. They found three virion polypeptides of mol. wt. 110000, 67000 and 40000. In contrast, Macdonald & Gower (1981) found that all three viruses could be distinguished by either the number or mobilities of the virion polypeptides. They found that SP differed from the VR-299 IPNV strain by the absence of the cleavage product (VP4) of VP3. In addition, they found AB IPNV could be distinguished from both of these strains by the mobilities of VP2 (molecular weights were not given). We have also found that AB IPNV and EVE have a lower mol. wt. VP2 (45 000) than strain VR-299 IPNV (54000). In addition, VP1 (89000) of both AB IPNV and EVE was smaller than VPI (91000) of strain VR-299 IPNV (Table 1) . Polyacrylamide gel electrophoresis of the RNA segments and virion polypeptides of the SP strain of IPNV in our laboratory have shown differences in the relative mobilities ofVP1, VP2, VP3 and both segments of RNA from strains AB and VR-299 IPNV ( Fig. 1 and 2) . All three viruses are therefore distinguishable by an examination of either virion polypeptides or RNA genome segments. Discrepancies, in the numbers and molecular weights of the virion polypeptides, between this study and those of others may have resulted from the use of different acrylamide concentrations and/or buffer systems during electrophoresis.
The RNAs of EVE and AB IPNV were also found to be similar but different from those of strains VR-299 and SP IPNV (Fig. 3) . We consistently observed a difference in the heavy segment between EVE (2-2 × 10 6) and AB (2. The isolate of EVE from eels is very similar to the AB strain of IPNV but differs in polypeptide and RNA composition from strains VR-299 and SP IPNV. These results indicate that certain strains of IPNV can be distinguished by serological tests and by analysis of the structural components of the virion (RNA and polypeptides).
